From the results of the researches of the above-mentioned workers it was considered that an autogenous vaccine was always necessary for the treatnment of these infections, because, as already mentioned, the vaccine must be made from the infecting organism or otherwise no protection might he offered, and the same remarks applied to preventive inoculation. It was well to realize that it was difficult to immunize man and somnetimes animals with dead cultures of Bacillus coli given subcutaneously. If during vaccine treatment the patient's symptoms were aggravated from the autogenous vaccine, even when given in small doses, it was advisable to ascertain whether the infective process was held up at some point along the urinary tract, more especially in cases of unilateral pyuria. In his (Prof. Dudgeon's) experience rabbits showed little effect from intravenous inoculation of colon bacilli even in enormous doses, but if the organism was localized in the tissues, or held up, then abscess forniation or acute inflammation might occur. This was well shown when these bacteria were injected into the pleural cavity in rabbits.
From the results of the researches of the above-mentioned workers it was considered that an autogenous vaccine was always necessary for the treatnment of these infections, because, as already mentioned, the vaccine must be made from the infecting organism or otherwise no protection might he offered, and the same remarks applied to preventive inoculation. It was well to realize that it was difficult to immunize man and somnetimes animals with dead cultures of Bacillus coli given subcutaneously. If during vaccine treatment the patient's symptoms were aggravated from the autogenous vaccine, even when given in small doses, it was advisable to ascertain whether the infective process was held up at some point along the urinary tract, more especially in cases of unilateral pyuria. In his (Prof. Dudgeon's) experience rabbits showed little effect from intravenous inoculation of colon bacilli even in enormous doses, but if the organism was localized in the tissues, or held up, then abscess forniation or acute inflammation might occur. This was well shown when these bacteria were injected into the pleural cavity in rabbits.
For these reasons he advised that vaccine treatment should be withheld if it was found that the patient's temperature or symptoms were aggravated when the injections had been carried out with average doses. In his experience second or subsequent attacks of coli fever were due, with very few exceptions, to the same organism as incited the primary fever, in spite of the fact that the urine might have cleared. It was necessary to examine a few c.c. of urine before it was regarded as free from bacteria.
(3) Bacillus proteus.-Although froimi inexperience this organism had been regarded as non-pathogenic to man, it is well to realize that it may give rise to very acute infections, and the bacillus can then be recovered from the blood-streami. The temperature in some proteus infections reaches a very high level. The urine in proteus infections was alkaline, contains mucus and pus and often masses of triple phosphate with the nmucus. Vaccine treatment has often been found to be of definite value when the acute stage is over.
(4) Staphylococcus albus-.The presence of this coccus in large numbers in the urine, together with pus, was in his experience invariably associated with the presence of a calculus.
THE EXPERIMENTAL PRODUCTION OF INFECTIONS OF THE URINARY TRACT
BY THE COLON BACILLUS.
Dr. ELIZABETH LEPPER. IT is quite unnecessary for me to attempt to give this Section any complete account of the numerous investigations which have been made on the production of infections of the urinary tract. The classical work which has been done on this subject is well known to you. I will, therefore, deal only with a certain branch of this large subject of which I have had practical experience,-the production of infections of the kidney by means of the colon bacillus. It seemed to me that it might be of some interest to those of you who have not facilities for experimental work, to see lesions which had been produced by certain definite modes of attack.
When I looked through the literature before starting work on this subject, I came to the conclusion that in spite of apparently contradictory statements, the following two facts had been established: (1) That it is comparatively easy to produce lesions in a kidney by injections of organisms either into the blood-stream or into the ureter, provided that some obstruction of that ureter is produced at the same time; (2) that inflammatory changes of the substance of a kidney or its pelvis can be produced by the intravenous injection of bacilli alone, without the presence of obstruction to the outflow of urine. The occurrence of such lesions is, however, very uncertain, as is also the degree of severity and their localization. I could find no explanation as to why these two experimental methods should differ so much in their results. It seemed to me that if I could modify the technique in such a way as to set up only a temporary obstruction of the ureter and so produce only slight lesions in the kidney I might be able to find out why this factor of obstruction to the outflow of urine was so important. To this end I carried out some experiments in the following way.
A rabbit was anmesthetized, and the left ureter exposed through a lumbar incision. It was freed from the surrounding tissues and an aneurysm needle passed under it by means of which it could be lifted up into the wound. A piece of elastic band X in. wide was passed under the ureter and made to compress the lumen by being fixed tightly round the ureter by means of a pair of bull-dog forceps placed parallel with it. The wound was then covered with damp gauze.
An intravenous injection of bacilli was then given into an ear vein. The compression of the ureter was continued for varying lengths of time. Then the ureter was carefully replaced and the wound closed. The animal was killed five days later. The results were not what I had anticipated. Even such a short period of obstruction as thirty minutes was sufficient to produce very profound changes in the kidney (specimen shown). The kidney was greatly enlarged and was studded with multiple small abscesses. The shortest period of compression, fifteen minutes, resulted in a well marked cortical abscess. Several of these experiments were carried out and they resulted either in very well-marked, diffuse lesions, or none at all. I killed one animal at the end of the operation when the ureter had been compressed for one hour, hoping to be able to detect changes microscopically in the kidney, but I was disappointed. The explanation of these results was obtained from an animal which accidentally died during the operation. The injection had been given and compression of the ureter was in progress for fifteen minutes when the rabbit suddenly died. I clamped the renal vessels and tied the ureter below the obstruction and put the kidney in formalin. On cutting into the specimen some days later I was surprised to find considerable dilatation of the pelvis, which contained blood-stained fluid. This dilatation was so marked that the renal vessels could be seen running across the lateral walls as raised strands. The section of this kidney shows fairly well on the screen. You can see the vessels, on the way to the substance of the kidney, almost surrounded by the dilated pelvis. Microscopically, one can see that the thin-walled vein is much more compressed than the artery and that there is very intense congestion of the cortex.
This section affords a reasonable explanation as to the role played by obstruction of the ureter in the production of these lesions. If secretion of urine is taking place the pelvis becomes dilated and obstruction to the venous return is set up; this may result in the rupture of some of the vessels and in the extravasation of blood containing bacilli into the substance of the kidney; and diffuse acute inflammatory foci are produced in the kidney. When no secretion of urine is taking place, which sometimes happens in the case of animals under an anesthetic, no dilatation of the pelvis occurs, there is no venous congestion or rupture of small vessels, and the result of the experiment is negative.
How far we can apply results obtained with rabbits' kidneys to the study of disease in man is problematical, but the experiments warn us against the production of any sort of obstruction to outflow of urine from the ureters.
Intravenous injections.-With regard to the experiments in which intravenous injections
of bacteria were given, I obtained practically the same results as other observers, that is to say, a low percentage of positive results, the lesions generally slight, and confined to the papilla, but occasionally severe, numerous small cortical abscesses being present. Of fifty rabbits used, some of which received repeated injections, the results in twenty-eight were quite negative. Of the twenty-two which showed lesions only eight would have been detected by inspection alone. These showed cortical abscesses or congestion of the pelvis with a slight purulent exudate. It was the condition of the urine during life that made one investigate the slight cases microscopically, and sometimes serial sections had to be made in order to detect the lesion.
The most severe lesion of the papilla which I obtained shows fairly well on the screen. You will see that there is necrosis of the tip of the papilla, an exudation of leucocytes and an enormous number of bacilli, which are stained purple by thionin blue. This animal had been injected four days previously. These lesions are brought about by bacterial embolism of the vessels supplying the papilla. A kidney obtained twenty-four hours after the intravenous injection shows this well. A small vessel supplying the papilla can be seen full of organisms; it is cut longitudinally at the base of the papilla and transversely at the tip and is almost entirely blocked by the bacilli, though a few red corpuscles can be detected. Following the embolism an exudation of leucocytes occurs round the affected vessels, and small interstitial abscesses are produced. These may rupture into the straight tubules or upon the surface of the papilla, and lead to the appearance of pus and bacilli in the urine. The slides under the microscope show the various stages I have described.
The cortical lesions, which are much less frequent, are produced in the same way. I have not been able to find out why, in coliform infections, the vessels supplying the papilla are more liable to embolism than those supplying the cortex. I understand from Professor Starling that when injecting the arteries of kidneys he sometimes has a difficulty in getting good preparations showing the vessels of the cortex, so that there may be some anatomical explanation to account for the difference.
To sum up, therefore, these specimens show that, in the experimental production of lesions in the kidney, obstruction of the ureter is important in bringing about a dilatation of the pelvis and pressure on the veins, which may result in extravasation of infected blood into the substance of the kidneys, and subsequently diffuse inflammatory changes throughout the kidney. Intravenous injection alone, however, acts by producing embolism of small arteries, especially those supplying the papilla; the lesions are localized, and much less severe in character than those produced by the extravasation of infected blood into the tissues, such as occurs after obstruction of the ureter.
(This communication was illustrated by microscopic preparations shown on the epidiascope.)
SYMPTOMS AND TREATMENT OF URINARY INFECTIONS.
Sir JOHN THOMSON-WALKER. There are two classes of infection of the urinary tract.
(1) Infection in a urinary tract already the seat of disease, such as stricture, enlarged prostate, growths of the bladder, or stone.
(2) Infection in a previously healthy urinary tract. For the purpose of this discussion I will deal only with infection occurring in a previously healthy urinary tract, for here the symptoms are entirely due to the infection and are not complicated by those which arise from the previously existing disease.
The cases may be broadly divided into (i) acute and (ii) chronic.
(I) ACUTE URINARY INFECTION. I shall take the common type of case first, and then refer to unusual types. Prodromal Symptomts.-There is usually a period of four or five days or a week before the acute symptoms develop, during which the patient feels ill, but these symptoms are not sufficiently severe for him to seek medical advice.
At this prodromal stage there is some loss of appetite, a little headache, want of energy, irritability, and the patient is hypersensitive to changes in the surrounding temperature. Almost always there is some bowel trouble. If the patient is inclined to constipation the bowels are mlore difficult to move; flatulent distension, in patients subject to it, is more pronounced and distressing; patients prone to irritability of the bowel have an attack of diarrhoea. There may also be a little irritability of the bladder and increased frequency of micturition although the urine still remains clear.
Symnptoms.-The acute symptoms often come on suddenly:
(1) The patient has a sudden desire to pass water, sometimes so urgent that there is an involuntary escape. This is followed by intense bladder irritation and strangury.
(2) After a few hours of bladder irritation there is a rigor and the temperature runs up to 1030 or 104°F. The rigor may be repeated.
(3) The urine, which is passed in small quantities at frequent intervals, is high coloured and cloudy and often it has an offensive, fishy smell. It may contain some blood and the patient may have noticed that a few drops of blood were expressed at the end of micturition. Evidence of bacilluria, in the shimmering appearance on swinging the glass so as to circulate the urine, may be present. Subsequent bacteriological examination of the urine shows an abundant growth of bacteria, most commonly Bacillus coli.
(4) Flatulent distension of the bowel is a frequent and distressing symptom, and during the course of the attack this is accompanied by obstinate constipation.
(5) Some symptoms may now develop which show where the main stress of the infection is likely to be focussed. There is pain in the loin on one side, situated in the kidney region both in front and behind. It may be vague at first and felt in the abdomen or the back, but it becomes localized as a dull, heavy, aching pain in one loin. In addition there may be an attack of severe pain along the line of the ureter, amounting to renal colic. The pain here is a localizing symptom of extreme value and shows that there is pyelitis and descending ureteritis.
(6) On palpation of the abdomen there is tenderness of one loin. Tenderness may be present even when pain is absent. There is also some rigidity of the abdominal muscles on the affected side.
(7) The kidney is not enlarged in the early stage of the illness and may not be enlarged at any time. If there is no enlargement the diagnosis of pyelitis is made. Enlargement of the kidney indicates pyelonephritis or pyonephrosis.
In the earlier stage of enlargement of the kidney the enlargement is due to inflammation
